





Table 1.--Generalized stratigraphic column for San Juan Cqu.nty
describing the major bedrock units and their hydrologic
characteristics and significance--Continued

~—— N~

Toroweap Formation

~—

pahgre Plateau, grain size decreases enough
and bedding is praminant enough so that
members of the Cutler can be distinguished.
The topmost member commonly is an unnamed
sequence of fluvial red beds--reddish-
brown, red, and purple siltstone, mudstone,
and shale that contain some interbedded
sandstone. This unit is the fluyial and
nearshore marine equivalent of the Kaibab
Limestone. The Kaibab is a light-gray to
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West of Comb Ridge, flow systems in the
Cutler Formation probably are local.
Water in the Cutler Formation ranges from
fresh to briny.

ElEl @ Group, Maximum
< | «| -~ | formation,| reported
RS or thickness Hydrologic characteristics
S121Y | rock unit (feet) Description and significance
olChinle areas near the Colorado River and along aquifers. Water from the basal sandstone
¢ | Formation the Arizona State line, and west of Copper of the Chinle ranges from fresh to briny.
Qo Canyon. Uraniferous in some areas, parti-
o cularly the La Sal Mountains,
[
A marginal marine deposit that grades from Commonly very low permeability; a barrier
Moenkapi 2,500+ tidal-flat, deltaic, and fluvial beds in to the movement of water except where
Formation the eastern part of the county to a shallow-| faulted or fractured. The average per-
water, marine limestone facies in the meability of the Moenkopi Formation has
western part of the county. The Moenkopi been estimated as less than 5 milli-
olo Formation has an upper unit of brown to darcies?.
ol|lnl o reddish-brown, shaly siltstone, thin,
Sl ala flaggy sandstone, and thick, massive sand-
2121 % stone that, in the northwest, contains a
o e thin marine limestone bed. The lower unit
Lo is interbedded thin, commonly contorted,
2 beds of reddish-brown to reddish-orange,
3 fine- to medium-grained, micaceous, s1lty
= sandstone and shaly siltstone that locally
contain gypsum beds. Ripple marks and mud-
2 cracks are comon. In the northeastem
© part of the county, the formation may con-
5 tain arkosic conglomerate. The Moenkopi
z Formation is thickest adjacent to the major
-~ salt anticlines in the northeastern part
of the county because the salt diapirs were
rising and their anticlinal crests were
being eroded as the Moenkopi was being
deposited. The Moenkopi is found through-
out the county except where it has been
eroded fram the Monument Upwarp and from
the crests of the salt anticlines.
\
\ 10,000+ |The Cutler Formation is mostly red to purple, |Very low to low permeability except where
/ fluvial arkose and arkosic fanglomerate, faulted or fractured. Shaly beds are
@ < conglamerate, and finer grained continental barriers to the movement of water except
S and nearshore marine clastics derived from where faulted or fractured. The perme-
n > the ancestral Rocky Mountains. In the ability of sandstone beds in the Cutler
g eastern and central parts of the county, Formation ranges from less than 2 to more
- < fluvial deposition prevailed through most than 900 millidarcies?. The undifferen-
a of the Permian, but in the southwestermn tiated Cutler Formation and the White Rim
8 > and western parts of the county, marine, and Cedar Mesa Sandstone Members, where
el £ eolian, and fluvial deposition fram mean- water bearing and permeable, are part of
o R < o dering streams occurred. The coarsest beds the Cutler aquifer; the DeChelly Sandstone
=l =zl e < are adjacent to the Uncompahgre Plateau. Menber, where water bearing and permeable,
MR > E Many geologists place any arkosic conglom- is defined as the DeChelly aquifer. The
2 3l = o erate or fanglomerate of Pennsylvanian or Organ Rock and Halgaito Members are con-
zl &l % < . Permian age in the undifferentiated Cutler fining beds within the Cutier aquifer.
o z @ | Formation. Within 40 miles of the Uncom-
- )
=
(]
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Table 1.-—Generalized stratigraphic column for San Juan County
describing the major bedrock units and their hydrologic
characteristics and significance-—Continued

Erathem

System

Series

Group,
formation,
or
rock unit

Maximum
reported
thickness

(feet)

Description

Hydrologic characteristics
and significance

PALEOZOIC

PERMIAN

Lower Permian

Cutler
Formation

Tight-brown, cherty, dolomitic marine
limestone. The next lower member of the
Cutler is the White Rim Sandstone Member,

a white, gray, and buff, fine- to coarse-
grained, well-sorted sandstone that is the
nearshore and sandbar-complex facies of
the Toroweap Formation. Some geologists
believe that the White Rim Sandstone Member
is an eolian deposit. The Toroweap is a
massive, marine, limey sandstone and, far-
ther west, it is largely carbonate. Same
geologists report Coconino Sandstone under-
lying the White Rim Sandstone Member in the
northwestern part of the county and ad-
Jacent areas. These "Coconino Sandstone*
beds interfinger with and laterally grade
into the White Rim Sandstone Member and
the underlying Organ Rock Member of the
Cutler Formation. These “Coconino Sand-
stone” beds are not part of the true
Coconino Sandstone of northwestern Arizona
and southwestern Utah, but are local sand-
stone beds derived fram erosion of an
emergent Emery platform. They are consid-
ered here as part of the White Rim Sand-
stone Member. The next lower member,
present sauth of Blanding, is the DeChelly
Sandstone Member, a light colored to
1ight-brown, reddish-orange or pale
reddish-brown, fine-grained, mostly eolian
sandstone deposited by northeasterly winds.
The Organ Rock Member, the eastern exten-
sion of the Hermit Shale of the Grand Can-
yon, is red to reddish-brown shale, silt-
stone, and fine-grained sandstone that
laterally grade into the coarser arkosic
facies of the Cutler to the northeast. As
far east as the eastern edge of the Monu-
ment Upwarp, the Organ Rock Member is
underlain by the Cedar Mesa Sandstone Mem-
ber, a white to Tight-gray, yellowish-gray,
reddish-orange, and reddish-brown, fine- to
coarse-grained sandstone that had been
deposited in a shallow-marine foreshore
environment. The Cedar Mesa Sandstone
Member is underlain by the marine Elephant
Canyon Formation of Baars (1962) in the
west and by the Halgaito Member of the Cut-
ler Formation in the east. The Elephant
Canyon Formation is limestone and dolamite
beds that contain red to brown or purple
sandstone, siltstone, and shale beds in the
middle and red siltstone and Tight-colored
sandstone near the top. The Halgaito Mem-
ber of the Cutler Formation is a fluvial
red bed sequence of dark red-brown to
chocolate-brown, fine- to medium-grained,
thin-bedded, arkosic sandstone, siltstone,
and mudstone. The Halgaito Member contains
a few thin, lenticular beds of purplish-
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Table 1.--Generalized stratigraphic column for San Juan County
describing the major bedrock units and their hydrologic
characteristics and significance—Continued

|
|

Si el w Group, Maximum
< | @| @ | formation,| reported
slal Tl or thickness Hydrologic characteristics
w | &@| v | rock unit (feet) Description and significance
=
S |Cutler gray limestone near the base. The Cutler
Z| E | Formation formation underlies all of the county
gl & except where removed by erosion on the
E . crests of the salt anticlines and in the
ol g deeper canyons.
s
Zlwo Deposited in a retreating sea, the Rico For- |Very low permeability; probably a barrier
S 5 |Rico 900 mation includes normal marine carbonate de- | to the movement of water except where
&1 | Formation posits, associated nearshore and shoreline faulted or fractured. Except at outcrops,
6| deposits, and coastal-plain fluvial de- water fram the Rico Formation is moder-
olgm® posits of reddish-brown and greenish-gray, ately saline to briny. Permeable units in
o|>g fine- to medium-grained, calcareous sand- the Rico Formation are considered part of
==& stone, reddish-brown, grayish-green, or the Cutler aquifer.
=zl -pale red-purple, partly gypsiferous, mica-
2158 ceous siltstone and sandy shale, and gray,
purf el thin- to thick-bedded, cherty limestone.
s~ The formation underlies the entire county
zla except where eroded on the crests of salt
|3 anticlines and in the deeper canyons.
Deposited in an environment that ranged from |[Very Tow to high permeability. Evaporites
%) Hermosa 15,000+ normal marine shoal and shelf to hyper- are a barrier to the movement of water.
P Group of saline evaporite basin, the Hermosa Group Carbonate rocks, except reefs and bio-
S Wengerd has been divided into three formations. herms, usually are barriers to the move-
“ and The top and bottom formations, the Honaker ment of water except where faulted or
< < | Matheny Trail and Pinkerton Trail Formations, are fractured or where solution channels have
s | (1958) similar in lithology. They cammonly are developed. Reef and biohermal deposits
c blue to gray, thin- to thick-bedded 1ime- may be highly permeable and can have poro-
g stone and dolamite that contain beds of sities of as much as 30 percent. Except
- gray, fine-grained micaceous sandstone and at outcrops, water from the Hermosa Group
2 siltstone, lavender sandy shale, and occa- usually is moderately saline to briny.
Zl 5 sional thin interbeds of black shale and Dissolved-solids concentrations can exceed
2| e anhydrite; reefs and algal bicherms are 400,000 milligrams per liter, Permeable
<l g camon. The middle formation, the Paradox intervals in the upper two-thirds of the
Sl g Formation, contains a thick sequence of Honaker Trail Formation are considered
gl 3 evaporite deposits interbedded with black part of the Cutler aquifer. Permeable in-
z| o | shale, carbonate, and fine-grained sand- tervals and facies in the Pinkerton Trail
al 51 stone and siltstone in what was the Formation of the Hermosa Group are part
o deepest part of the Paradox Basin, and of the Redwall aquifer.
S limestone and dolamite interbedded with
2 shale and fine-grained sandstone to the
= west and south of the evaporite sequence.
Toward the Uncompahgre Plateau, all three
menbers interfinger with coarse arkosic
sediments eroded from the ancestral Rocky
Mountains. The Hermosa Group is thickest
in the salt anticlines in the northeastern
part of the county.
|
o continental deposit, the Molas Formation Very low to low permeability; probably a
o =|Molas 290 cammonly is a regolith that developed on barrier to the movement of water except
2.2| Formation the karst surface of the Mississippian where faulted or fractured, Permeable
s carbonate beds. The formation is variegated| intervals and facies are part of the
2z from reddish-brown to maroon siltstone; red,| Redwall aquifer.
© silty shale; and calcareous sandstone and
SE contains some gray to reddish-brown, thin-
zo bedded 1imestone. Locally the Molas is
- conglameratic, particularly near the base. I
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Table 1.--Generalized stratigraphic column for San Juan County

describing the major bedrock units and their hydrologic
characteristics and significance--Continued

1 Erathem

PALEOZOIC

gl wl Group, Maximum
Y 2| formation,| reported . L.
a9 5 or thickness Hydrologic characteristics
v @ | rock unit (feet) Description and significance
Deposited on a broad, relatively flat, Very Tow to low permeability except where
Redwall &8 shallow-water, marine shelf, this formation faulted or fractured or where solution
c | (Leadville) is called the Redwall Limestone by some channels have developed. Caverms and
o | Limestone geologists, the Leadville Limestone by solution channels have been penetrated in
a others. Many geologists call it the Redwall| several oil- or gas-test wells. Water
- in the western part of the area and the fram the Redwall (Leadville) Limestone
a Leadville in the eastern part of the area. probably is moderately saline to briny.
» The upper part of the formation is light- This unit is the major part of the Redwall
Z 2 colored, dense, thin-bedded, sometimes aquifer.
o = oolitic, limestone; the lower part is tan,
al 5 brown, gray, and pink, massive, cherty
al = dolomite that locally contains thin beds of
] Timestone near the top and also may contain
2] thin beds of shale. In the eastem part of
| < the county, the formation may contain a
. sandstone facies equivalent to the Gilman
3 Sandstone of Colorado. Throughout much of
S the county, particularly in the westem
half, the upper part of the Redwall Lime-
stone is a thin-bedded silty and clayey
carbonate rock that is named the Horseshoe
I Mesa Member.
Deposited in a quiet-water, shallow-marine Very Tow to low permeability except where

Ouray 300 environment, the Quray Limestone s a faulted or fractured or where solution
Limestone lightgray to tan, dense, comonly oolitic channels have developed. Water in the

1imestone that locally contains partings formation probably is moderately saline
of green shale. Contact with the under- to briny.
lying Elbert Formation is gradational.

Deposited in a shallow-water, in part inter- |Very low to low permeability except where

Elbert 420 tidal, marine-shelf environment, the faulted or fractured or where solution
Formation Elbert Formation is a gray-brown, thin- channels have developed. Water in the

bedded, sandy dolamite that contains streaks| formation is moderately saline to briny.
g of gray-green and red sandy shale. In the
=l = southeastern part of the county, the basal
<| & Elbert Formation contains a shoal and off-
Zl @ shore bar facies, the McCracken Sandstone
gl @ Member of Knight and Cooper (1955). The
= | McCracken Sandstone Mamber is white and
g | Tlight-gray to red, fine- to medium-grained,
= poorly sorted, tightly cemented sandstone,
camonly glauconitic and contains streaks
of sandy dolomite.
]

Aneth |Dark-brown to black, argillaceous, marine Very low permeability except where faulted
Formation 249 | Timestone and dolamite, cawmonly anhydritic or fractured or where solution channels
of Knight | and slightly glauconitic, and gray-green, have developed. Water in the formation
??gsg?oper brown, and black calcareous shale. probably is moderately saline to briny.

=
=1 « Slignacio A basal transgressive marine deposit of Very low permeability except where faulted
x| 87| Quartzite 730 light-red, thin-bedded, slightly friable or fractured. Water in the formation
§§|§§1§' equivalent sandstone. | prabably is moderately saline to briny.
(=3
<
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Table 1l.-—Generalized stratigraphic column for San Juan County
describing the major bedrock units and their hydrologic
characteristics and significance--Continued

]
|
= Group, Maximum
| £| 8| & formation,| reported ) o
| | B - or thickness Hydrologic characteristics
| &) @l & | rock unit (Feet) Description and significance
|
| c
| ¢ BjLynch Massive marine dolomite and interbedded shale.{Probably very low in permeability except
| 2 =] Dolomite 1,300 where faulted or fractured or where there
| oE are solution channels. Water in the
| O formation is very saline or briny.
I
i . o
| {Muav Massive marine limestone that locally con- Probably very Tow in permeability except
| Limestone 650 tains partings of green shale. Called where faulted or fractured or where there
| or the Muav Limestone in the southwestern are solution channels. Water in the
| Maxfield part of the county and the Maxfield Lime- formation probably is very saline or briny.
{ Limestone stone in the rest of the county. |
| T
| 21 = Bright The offshore shale facies of a transgressive |Probably very low permeability; a barrier
I Angel 450 sea, the formation is red, green, and gray to the movement of water except where
2l g Shale shale interbedded with fine-grained sand- faulted or fractured.
2| Zl 5§ or stone, siltstone, dolanite, and 1imestone.
o | Qf = Ophir The formation grades from carbonate to shale
2 Shale to siltstone and sandstone fram west to
8 east. Known as the Bright Angel Shale in
° the southwestern part of the county and as
= the Ophir Shale in the rest of the county.
©
[ =
| Tapeats A basal transgressive marine deposit of red, |Probably very Tow permeability except where
Sandstone 400 brown, and white, fine- to coarse-grained, faulted or fractured. Water in the forma-
or tightly cemented sandstone that is silty tion probably is very saline or briny.
Tintic and shaly at the top. The formation
Quartzite thickens eastward from the southwestem
corner of the county. Called the Tapeats
Sandstone in the southwestern part of the
county and the Tintic Quartzite in the rest
the county.
PRECAMBRIAN | Igneous Undifferentiated igneous and metamorphic Very low permeability; a barrier to the
and rocks. movement of water except where jointed,
metamorphic faulted, or fractured.
rocks
!
!

2

1Ranges of permeability are defined as follows:

Range Permeability, in millidarcies
Very Tow Less than 185
Low 185 to 1,850
Moderate 1,850 to 18,500
High 18,500 to 185,000
Very high More than 185,000
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Jobin, 1962.
3Ritzma and Doelling, 1969.

4Stratigmphic nomenclature has been revised for the Curtis and
Sumerville Formations. The Wanakah Formation is now considered
the stratigraphic equivalent of the Curtis and Summerville
Formations in San Juan County (0'Sullivan, 1980).



The salt anticlines had their origin in depositional and structural
events that occurred from early Middle Pennsylvanian to middle Permian. Prior
to Middle Pennsylvanian, the region was a fairly stable shelf that alternately
was the site of erosion and deposition as it slowly oscillated above and below
sea level. By early Middle Pennsylvanian, the ancestral Rocky Mountains
(Uncampahgre uplift, fig. 5) were developing and had reached a height of at
least 10,000 feet by Early Permian. The rise of the mountains was accampanied
on the southwest by a parallel downwarping that formed the Paradox Basin
(figs. 5 and 6). This basin developed as a series of northwest-southeast
trending, southwest-tilted half grabens that stepped down into the basin fram
the southwest.

Deposition on the surface thus created was in the form of "synclines"
and "anticlines". A greater thickness of sediment was deposited in the
syncline over the southwestern down-tilted part of each half graben and a
lesser thickness of sediment was deposited over the anticline of the
northeastern uptilted part of each half graben.

As the Uncompahgre uplift rose throughout the Middle and Late
Pennsylvanian, it shed increasing quantities of clastics into the northeastern
margin of the Paradox Basin. The uplift continued as an area of high relief
until the middle or early Late Permian. During this period, sediments
deposited on the flanks of, and adjacent to, the uplift were coarse arkosic
clastics, cammonly fanglomerates and associated finer grained materials. The
thickness of the Cutler Formation decreased fram as much as 15,000 to 20,000
feet immediately adjacent to the ancestral Rocky Mountains to only 2,000 feet
within 50 miles to the southwest; within the same distance, grain size
decreased fram boulder and cobble to sand and finer particles.

During the middle of the Middle Pennsylvanian, the Paradox Basin
developed a restricted-circulation hypersaline environment punctuated by
periodic influxes of normal marine water that resulted in cyclic deposition of
a black shale-dolomite-evaporite sequence. The deepest part of the basin
contains at least 29 evaporite cycles that had an aggregate maximum thickness
of 5,000 to 7,000 feet at the time of deposition. By, or shortly after, the
end of deposition of the evaporite sequence, the evaporite beds were mobilized
and were beginning to develop anticlinal diapirs. Mobilization of the
evaporite beds probably was due to tectonic stress because overburden pressure
would have been too small to cause evaporite flow—depth of burial was less
than 2,000 feet when the salt anticlines began to form. The location of the
sites of formation of the diapirs, and their form as parallel northwest-
southeast-trending anticlines, were controlled by the regional stress field
and by the structure of the basin floor. Most diapiric movement had occurred
by the end of the Permian; however, some general movement continued until the
Jurassic, by which time most of the evaporites that had been over the uptilted
parts of the half grabens had been squeezed out into the diapirs (local
diapiric movement occurred as recently as the Cretaceous).

During the latest Cretaceous and early Tertiary, the crests of the salt
anticlines collapsed in two stages. The first stage followed Late Cretaceous
arching, when the crests of the salt anticlines dropped, as grabens, by as
much as several hundred feet, possibly due to stress relaxation of the arches
at a time when the evaporite cores of the arch crests were buried by about
5,000 feet of other sediments. The second stage of anticlinal crest collapse
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followed uplift and erosional breaching of the sedimentary cover of the
evaporite cores of the anticlines. Removal of evaporite by solution led to
the final collapse of the anticlinal crests. The maximum known thickness of
evaporite in the anticlines is more than 14,000 feet. The maximum thickness
of evaporite removed from the anticlinal crests by solution has been estimated
to be more than 5,700 feet (Shoemaker and others, 1958).

Arching of the Monument Upwarp (fig. 6) in Late Cretaceous to mid-
Tertiary time (Grose, 1972, p. 36) affects ground-water movement in the area
because it resulted in removal, by erosion, of all strata younger than the
Permian Cedar Mesa Sandstone Member of the Cutler Formation from the crest of
the upwarp. Locally, all beds younger than the Pennsylvanian Honaker Trail
Formation of the Hermosa Group (Wengerd and Matheny, 1958) have been removed
by erosion.

During the mid-Tertiary, large damal uplifts developed at several places
in the region. Three of these large dames are in San Juan County. All three
domes, now known as the La Sal Mountains, Abajo Mountains, and Navajo Mountain
(fig. 4), are believed to be igneous intrusions, each consisting of one or
more central stocks surrounded by a radial cluster of laccoliths and
subordinate dikes. In figure 7, the approximate outline of the Navajo Dame at
Navajo Mountain is shown; the outlines of the dames at the La Sal and Abajo
Mountains are approximately the extents of the La Sal and Abajo intrusives
(fig. 7).

Description of Aquifers

The Redwall (Leadville) Limestone and permeable intervals and facies in
the overlying Molas Formation and Pinkerton Trail Formation of the Hermosa
Group (Wengerd and Matheny, 1958) probably make up the most widespread,
continuous aquifer in San Juan County, which is defined in this report as the
Redwall aquifer. Oil- and gas—test holes reportedly have penetrated solution
channels and caverns in the carbonate beds in some places. Diagenesis of
Cambrian and Devonian strata generally has reduced the porosity and
permeability of these rocks so that they are relatively impermeable and can
yield water only where they are faulted or fractured or where systems of
solution channels have developed. Whether permeable intervals in Cambrian and
Devonian strata are part of the Redwall aquifer or are of sufficient areal
extent and continuity to make up one or more other aquifers is not known, but
so little information is available that these formations are discussed in this
report as part of the Redwall aquifer.

Although the Paradox Formation and the lowest one-third of the Honaker
Trail Formation of the Hermosa Group usually are barriers to the movement of
water, and are not defined as an aquifer in this report, this interval locally
contains permeable deposits, many of which had been reefs or bioherms. In the
Paradox Formation, biohermal deposits are more common west of the area of
evaporite deposition. Water in these permeable deposits is thought to be
connate, or to be leakage through faults and fractures from overlying or
underlying aquifers.

Avery (1986) defined the "P aquifer" to include the permeable beds in

the undifferentiated Cutler Formation and the Cedar Mesa Sandstone Member of
the Cutler. Thackston and others (1981) believed that the permeable intervals
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in the Rico Formation and in the upper two-thirds of the Honaker Trail
Formation of the Hermosa Group was also part of the "P aquifer". In this
report, the above units and the White Rim Sandstone Member of the Cutler
Formation, where they are water bearing, are defined as the Cutler aquifer.
Avery (1986) considered the DeChelly Sandstone Member of the Cutler Formation
to be a separate aquifer. This unit occurs in a different geographic area
than most of the Cutler aquifer, generally south of the San Juan River (Avery,
1986, table 1), and Avery defined it as the "C aquifer". 1In this report, the
DeChelly Sandstone Member is defined as the DeChelly aquifer.

The Wingate, Navajo, and Entrada Sandstones, and any permeable intervals
in the Kayenta and Carmel Formations, are defined in this report as the
Entrada-Navajo aquifer, following the usage of Thomas (1989, table 1). This
aquifer correlates with the "N aquifer" of Avery (1986) and of Cooley and
others (1969). The Entrada-Navajo aquifer is the main source of domestic and
livestock water in San Juan County. The Curtis and Summerville Formations are
barriers to the movement of water except where they contain transmissive
faults or fractures.

The Bluff Sandstone, Salt Wash, Recapture, and Westwater Canyon Members
of the Morrison Formation are defined as the Morrison aquifer (Thomas, 1989,
table 1), which correlates with the "M aquifer" of Avery (1986). The Burro
Canyon Formation and overlying Dakota Sandstone form the Dakota aquifer
(Thomas, 1989, table 1), which correlates with the "D aquifer" of Avery
(1986) .

Geologic Controls on Recharge, Movement,
and Discharge of Ground Water

Ground-water hydrology in San Juan County seems to be controlled about
equally by geologic structure (fig. 7) and by stratigraphy. An important
secondary control of ground-water movement is the widespread faulting and
fracturing of the rocks, which often permit vertical movement of water between
aquifers. The location and orientation of most faults and fracture systems in
the area were determined by the structural framework that had been
established before the end of the Precambrian, including the faults and the
fracture systems caused by the rise and partial dissolution of the salt
diapirs, and by the Laramide Orogeny. Another possible conduit for vertical
movement of water is collapse breccia, which is the result of removal of
evaporite or carbonate by solution in ground water. Such collapse features
range in size fram breccia pipes or chimneys less than 50 feet in diameter to
the Lockhart Basin (figs. 4, 7), more than 3 miles in diameter. Known
collapse features in San Juan County are near the Colorado River north of
T. 33 S.

Mississippian and older beds were fractured and fragmented by the
vertical movement on faults that resulted in the formation of the half grabens
in the Paradox Basin. Hydrologic continuity was maintained, however, through
transmissive faults and fractures. Deformation subsequent to deposition of
the Paradox Formation of the Hermosa Group, that accampanied formation of the
salt diapirs, resulted, at least locally, in incorporation of sizeable blocks
of older strata, such as the Redwall (leadville) Limestone, within the salt
diapirs.
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All areally extensive major bedrock aquifers receive recharge by
infiltration of precipitation in one or more of the following recharge areas:
(1) In or adjacent to the Tertiary intrusions of the La Sal and Abajo
Mountains, and, probably, Navajo Mountain, where faults, fractures, and
perhaps some porous rocks in the intrusives themselves provide paths for the
downward movement of water to buried aquifers; (2) along the southwestern
flank of the Uncampahgre Plateau (fig. 4) through permeable or faulted strata;
(3) in the San Juan Mountains of Colorado (about 90 miles east of the
Colorado-Utah State line near Dove Creek) and the Carrizo Mountains and Black
Mesa of Arizona (fig. 4); (4) in the Henry Mountains of Garfield County, Utah
(fig. 4), for aquifers below the Wingate Sandstone where those aquifers either
crop out or can receive recharge through faults and fractures; and (5) for
aquifers above the Paradox Formation of the Hermosa Group at the
topographically highest outcrops of each aquifer within San Juan County. Most
recharge occurs where the land surface is more than 8,000 feet above sea level
because that is where most precipitation occurs. Throughout the area, faults
and fractures may permit the vertical movement of water between aquifers.

The general regional pattern of ground-water movement to San Juan County
is north from Arizona, west from Colorado, and southwest fram the Uncampahgre
Plateau. Within San Juan County, the direction of ground-water movement
locally may differ greatly from this regional pattern. Major deviations from
the regional flow pattern are caused by local recharge or discharge.

All major bedrock aquifers discharge water to other aquifers wherever
the hydraulic head in the discharging aquifer is higher than that in the
receiving aquifer and where there are tranamissive faults or fractures. All
aquifers that crop out in San Juan County discharge water to springs and seeps
and may lose water by evapotranspiration from phreatophytes in areas where the
water table is near the land surface.

The Redwall aquifer not only receives recharge from the sources
previously mentioned, but probably also receives recharge in Spanish and
Lisbon Valleys (fig. 4), where faults provide paths for the downward movement
of water, and the hydraulic head in the Redwall aquifer is several hundred
feet lower than that in overlying aquifers. Natural discharge, in addition to
leakage to overlying aquifers through faults and fractures, probably includes
some minor subsurface outflow to Arizona in southwestern San Juan County and
to southwestern Utah.

Recharge to the Cutler aquifer, in addition to that mentioned above, is
at areas of outcrop on the Monument Upwarp (fig. 7) and in Lisbon Valley, on
the flanks of the salt anticlines, and, possibly, fram the San Juan River east
of Mexican Hat on the west side of the Raplee anticline (fig. 7). Fram the
area of the La Sal and Abajo Mountains and the Sage Plain, water movement in
the aquifer generally is northwest and northeast toward the Dolores and
Colorado Rivers (fig. 4). South of the Abajo Mountains and Sage Plain,
movement of water in the Cutler aquifer is south toward the San Juan River.
On the western side of the Monument Upwarp, water movement generally is toward
the Colorado River.

Natural discharge from the Cutler aquifer in San Juan County, in

addition to that mentioned above, is to springs and seeps, mostly in the
canyons of the Colorado, San Juan, and Green Rivers, and tributary canyons,
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particularly where the permeable beds that comprise the aquifer crop out less
than 3,700 feet above sea level. Subsurface outflow to Colorado east of the
La Sal Mountains and the Sage Plain also accounts for same discharge fram the
Cutler aquifer.

The DeChelly aquifer generally does not crop out in the recharge areas;
thus, recharge to this aquifer mainly is from leakage fram other aquifers and
subsurface flow from Arizona and Colorado (Avery, 1986, p. 19). Sources of
natural discharge from the DeChelly aquifer are similar to those of the
Cutler aquifer.

Most recharge to the Entrada-Navajo aquifer occurs within the county in
spring and early summer by infiltration of snowmelt, in spring by rain, and by
streanflow. In addition to those mentioned on page 28, major areas of direct
recharge are Navajo Mountain, Nokaito Bench, along Comb Ridge, west of Copper
Canyon (fig. 4), the headwaters of Cottomwood Wash, Dry Valley and adjacent
areas, upper Hatch Wash, upper Montezuma Creek, and the highlands separating
the valleys that have developed on the crests of the salt anticlines in the
northeastern part of the county. Subsurface inflow fram Colorado occurs south
of T. 37 S. South of the Abajo Mountains and Sage Plain, movement of water in
the Entrada-Navajo aquifer is toward the San Juan River. North of the Abajo
Mountains and the Sage Plain, the general direction of water movement is
toward the Colorado and Dolores Rivers, including some subsurface outflow to
Colorado southeast of the La Sal Mountains and in the highlands between the
anticlinal valleys in the northeastern part of the county. Natural discharge
fram the Entrada-Navajo aquifer, in addition to that mentioned on page 28, is
to the San Juan River and to sections of Montezuma Creek, Cottonwood Wash,
Chinle Creek, and other streams, and by subsurface outflow to Grand County and
to Colorado.

The Morrison aquifer is present only in the eastern part of the county:
South of T. 31 S., it is east of Cawb Ridge, and north of T. 31 S., it is east
of R. 22 E. Recharge to the Morrison aquifer is mostly by infiltration of
precipitation and streamflow in areas where the formations that comprise the
aquifer crop out. Verdure and lower Montezuma Creeks are known to recharge
the aquifer. Sources of recharge mentioned on page 28 are of lesser
importance in furnishing recharge to the Morrison aquifer. Subsurface inflow
from Colorado occurs south of T. 40 S. Movement of water in the aquifer
generally reflects the gradient of the topography, but south of the Sage
Plain, a general trend of flow also is toward the San Juan River. Natural
discharge fram the Morrison aquifer is to the San Juan River, McElmo and upper
Montezuma Creeks, and to other streams that intersect the aquifer below the
water table. Subsurface outflow to Colorado occurs north of T. 41 S.

The Dakota aquifer, found only east of R. 22 E., is highly fragmented

and commonly caps the highest mesas in the area. Recharge, discharge, and
flow systems are local because of the aquifer's fragmentation.
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Quality of Ground Water

In areas of surface recharge, water in all permeable formations that
crop out is fresh and is mostly of calcium bicarbonate or calcium magnesium
bicarbonate type. With increasing depth and distance from outcrop areas,
however, the water becames increasingly saline, and the proportions of sodium,
sulfate, and chloride in the dissolved solids increase.

The Redwall aquifer appears to contain very saline to briny, sodium
chloride type water (dissolved-solids concentrations are as large as 350,000
mg/L) in and near the area where the Hermosa Group contains evaporite beds.
To the west and southwest, water in the Redwall is less saline; dissolved-
solids concentrations in the water may be less than 6,500 mg/L.

In or near the area underlain by evaporite beds in the Paradox Formation
of the Hermosa Group, water fram permeable intervals in the lower one—third of
the Honaker Trail Formation and from the Paradox Formation commonly is very
saline to briny and of sodium chloride type. The dissolved-solids
concentration of the water may exceed 400,000 mg/L. Locally, at same areas of
outcrop that receive recharge fram precipitation, water from shallow depths
may be fresh and of calcium bicarbonate or calcium magnesium bicarbonate type.
West and southwest of the area containing evaporite deposits, water from the
Honaker Trail and Paradox Formations may be only slightly to moderately
saline.

Dissolved—-solids concentration of water in the Cutler aquifer generally
increases rapidly with increasing depth and distance from areas of surface
recharge, and comonly exceeds 10,000 mg/L. Where the water is very saline or
briny, the daminant ions are calcium, magnesium, and sulfate in water from
permeable beds in the Cutler Formation, but sodium and chloride predaminate in
water fram the Honaker Trail Formation of the Hermosa Group. In the Aneth
area, where the DeChelly aquifer is about 2,500 feet below the land surface,
water in the DeChelly aquifer is moderately saline to briny and is of sodium
chloride type.

Water in the Entrada-Navajo aquifer commonly is fresh to moderately
saline; however, in the Aneth area, where the Entrada-Navajo aquifer is most
deeply buried, the water may be very saline to briny and of sodium chloride
type. Water in the Morrison aquifer generally is fresh to moderately saline
and, with increasing distance fram areas of surface recharge, increases in
salinity and changes fram calcium magnesium bicarbonate to sodium bicarbonate

type.

Water in the Dakota aquifer commonly is fresh and is of calcium
bicarbonate or calcium magnesium bicarbonate type. However, in some areas it
is slightly to moderately saline and of calcium magnesium sulfate or sodium
bicarbonate type, particularly where recharge is by runoff from areas
underlain by Mancos Shale or through alluvium or colluvium derived from Mancos
Shale.
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BASE OF MODERATELY SALINE WATER

The base of moderately saline water is defined as the top of the first
identifiable permeable interval containing water that has a dissolved-solids
concentration of more than 10,000 mg/L. The surface thus defined coincides
with the top of very saline to briny water. However, to be classified as
below the base of moderately saline water, the sequence of beds that contained
very saline to briny water had to be more than 500 feet thick and include no
permeable intervals more than 30 feet thick that contained fresh to moderately
saline water.

The base of moderately saline water in San Juan County, as interpreted
from geophysical logs and available water—quality information, is shown on
plate 1. The configuration of the base of moderately saline water is greatly
affected by geologic structure, but is substantially modified by the effects
of faults and fractures. In most of the county, the base of moderately saline
water is from 2,000 to 6,500 feet above sea level. However, on the western
flank of the Monument Upwarp (figs. 6, 7) on the western edge of San Juan
County, the base slopes downward to below sea level and drops
stratigraphically fram the lower part of the Permian Cutler Formation to below
the Devonian Elbert Formation and, in at least same places, may be below the
depths from which data are available. At the latitude of Bluff, Utah, this
decline in the altitude of the base of moderately saline water may extend as
far east as R. 20 E.

In the northeastern part of the county, where the salt anticlines are
strongly developed, the base of moderately saline water is high on anticlinal
crests, to within 300 feet or less of the land surface in some places, and low
in the intervening synclines, to more than 3,000 feet below land surface in
some places. Superimposed on this "ridge and valley" pattern is a recharge
mound in the La Sal Mountains, which locally lowers the base, possibly to
below sea level. Though information is sparse, the effect of recharge in the
La Sal Mountains in lowering the base of moderately saline water may not
extend to the southwest beyond the Cane Creek-Lisbon Valley anticline. The
stratigraphic location of the base is within the Honaker Trail Formation of
the Hermosa Group (Wengerd and Matheny, 1958) or the Cutler Formation except
on the flanks of the salt anticlines, where it commonly rises in the
stratigraphic section into the Moenkopi or Chinle Formations, and in some
places into the Wingate Sandstone, and locally may be as high as the Navaijo
Sandstone. The most likely conduits for this stratigraphically higher saline
water are transmissive faults and fractures associated with the salt
anticlines.

In the northwestern part of the county, the base of moderately saline
water generally is within the Honaker Trail Formation of the Hermosa Group
or the Cutler Formation, and thus is structurally controlled. Locally,
however, as in and near T. 27 S., R. 19 E., section 3, the base of moderately
saline water may be in the upper part of the Chinle Formation or the overlying
Wingate Sandstone. Such local variations probably are due to upward movement
of more saline water through transmissive fractures or faults or, possibly,
through breccia pipes or chimeys.

The general shape of the base of moderately saline water south of Gibson
Dame and north of North Elk Ridge seems to be that of a dome whose apex, at an

31



altitude of more than 6,500 feet above sea level, is over the Beef Basin
anticline and the East and West Elk Ridge anticlines (fig. 7). Fram this high
area, the base of moderately saline water slopes generally southeastward
toward Colorado and southward toward Arizona to an altitude of about 4,500
feet above sea level, but slopes more steeply southwestward. Superimposed on
the base is a depression caused by recharge in the Abajo Mountains; the depth
of this depression is not known, but it may be below sea level. Radiating to
the northeast, east, and south from the Abajo Mountains are "valleys" in the
base of moderately saline water where fresh to moderately saline ground water
is flowing away fram the recharge area. Valleys in the base also exist in
southern and southeastern San Juan County caused by inflow of less saline
ground water from Black Mesa and the Carrizo Mountains in Arizona (fig. 4) and
fram Sleeping Ute Mountain (fig. 4), and possibly other areas in Colorado.

Between Gibson Dome and the Abajo Mountains, the base of moderately
saline water, though generally in the Cutler Formation or the Honaker Trail
Formation of the Hermosa Group, somewhat less commonly may be in the Moenkopi
Formation or the Shinarump Member of the Chinle Formation. South of the Abajo
Mountains and east of Comb Ridge (fig. 7) in an elongate area that extends
north fram the Arizona State line to T. 34 S., and east fram about R. 20 E. to
the Colorado State line, the shape of the base of moderately saline water
appears to be much more complex than it is north of the Abajo Mountains,
though this complexity may be due to lack of data and/or erroneous data in
some areas.

South of the Abajo Mountains, the base of moderately saline water is
stratigraphically higher where it is at a higher altitude and is
stratigraphically lower where it is at a lower altitude. For example, near
the town of Blanding, the base of moderately saline water is less than 2,000
feet above sea level and is in the Cutler Formation; but, to the east where
the base is more than 4,500 feet above sea level, it is at least as high
stratigraphically as the Wingate Sandstone, and may be as high as the Navajo
Sandstone. South of T. 37 S., in those areas where the base is above an
altitude of 4,000 feet above sea level, the base of moderately saline water
may be stratigraphically as high as the Morrison Formation.

CONCLUSIONS

The stratigraphy and geologic structure of San Juan County are major
factors controlling the occurrence and movement of ground water, the
configuration of the base of moderately saline water, and the location and
distribution of very saline to briny water in the area. A thick layer of very
saline to briny ground water underlies the eastern two-thirds of the county.
Very saline to briny water in the county generally is found in and near the
area that contains evaporite deposits of Pennsylvanian age. The configuration
of the upper surface of this layer of very saline to briny ground water
generally is controlled by the geologic structure of the area, but locally may
be substantially modified by recharge mounds of less saline water and by
vertical leakage of water through transmissive faults and fractures.

The highest altitude of the base of moderately saline water is west of

the Abajo Mountains and is more than 6,500 feet above sea level. The lowest
altitude is in the western part of the county and is below sea level.,
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Depressions in the base of moderately saline water at recharge areas in the la
Sal and Abajo Mountains also may be below sea level. The base of moderately
saline water generally is in the Cutler Formation or the Honaker Trail
Formation of the Hermosa Group, but locally may be as high stratigraphically
as the Navajo Sandstone north of the Abajo Mountains and in the Morrison
Formation south of the mountains.
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